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® Valve mechanisms. 



© A valve mechanism includes a poppet type valve 

(11) , a valve lever (20) pivotally mounted at one end 
and attached at the other end to the end of the stem 

(12) of valve (11), the valve lever (20) defines a track 
(25) in which is located a drive pin (39) and a drive 
mechanism (30, 35, 37, 38) is arranged to drive the 
drive pin (39) in oscillatory manner; the track (25) 
has a first portion (28) which, when the valve (11) is 
closed Is engaged by the drive pin (39) and co- 
incides with the path of the drive pin (39), and a 
second portion (28, 27) which diverges from the path 
of the drive pin (39) so that when engaged by the 
drive pin (39) movement of the drive pin (39) will 

3 cause the valve lever (20) to move, opening and 
closing the valve (11). Preferably the mean position 
f^of oscillation of the drive pin (39) is adjustable so 
00 that the duration and amplitude of valve opening 
^may be varied. 
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VALVE MECHANISMS 



The present invention relates to valve mecha- 
nisms and in particular, although not exclusively, to 
valve mechanisms for internal combustion engines. 

According to one aspect of the present inven- 
tion a vaJve mechanism comprises a valve having a 
valve stem which is located for axial movement in a 
valve guide and a valve head adapted at one 
extreme of movement of the valve to locate against 
and close a valve seat; characterised in that a valve 
lever is pivotaily mounted at one end and attached 
adjacent the other end to the end of the valve stem 
remote from the valve head; said valve lever defin- 
ing a track; a drive pin engaging in said track and 
drive means to drive said drive pin in oscillatory 
manner; said track having a first portion which, 
when the valve is closed, is engaged by the drive 
pin and coincides with the path of the drive pin and 
a second portion which diverges from the path of 
the drive pin, so that engagement of the second 
portion by the drive pin will cause the valve lever to 
move opening and closing the valve. 

The mechanism described above provides des- 
modromic action, the valve lever controlling move- 
ment of the valve in both directions. There is 
consequently no need for the return springs used 
in conventional poppet valve mechanisms and the 
inherent disadvantages of such mechanisms, in 
particular valve bounce, are avoided and the 
mechanism may consequently be run at faster 
speeds. 

With this mechanism, the duration and am- 
plitude of the valve opening depends upon the 
portion of the track engaged by the drive pin as it 
oscillates, this may be adjusted by varying the 
mean position of oscillation of the drive pin. 

Various embodiments of the invention are now 
described, by way of example only, with reference 
to the accompanying drawings, in which:- 

Figure 1 is a diagrammatic illustration of a 
valve mechanism in accordance with the present 
invention; 

Figures 2A to 2D illustrate the sequential 
operation of the valve mechanism Illustrated in 
figure 1; 

Figure 3 illustrates the means of mounting 
the drive shaft of the valve mechanism illustrated in 
figure 1 to provide a variable valve mechanism; 

Figure 4 shows an alternative position of the 
drive shaft of the mechanism illustrated in figure 3; 

Figures 5A to 5D illustrate the sequential 
operation of the valve mechanism with a drive shaft 
in the position illustrated in figure 4; 



Figure 6 is a plot of valve lift against drive 
shaft angle for varying control angles for a typical 
variable valve mechanism as illustrated in figures 3 
to 5; 

s Figure 7 illustrates an alternative valve 

mechanism in accordance with the present inven- 
tion; and 

Figure 8 illustrates an alternative drive 
mechanism for the valve mechanism illustrated in 
w figure 1. 

The valve mechanism illustrated in figure 1 
comprises a poppet valve 11 with valve stem 12 
and valve head 13. The valve stem 12 is slidingly 

75 located in a valve guide* 14 and the valve head 13 
• is arranged to engage against a valve seat 15, to 
close port 16. 

A valve lever 20 is mounted adjacent one end, 
on pivot 21. A bail formation 22 on the end of valve 

20 stem 12 engages in a cylindrical hole 23 in the end 
of valve lever 20 remote from pivot 21, so as to 
permit limited pivotal and axial movement between 
the valve stem 12 and valve lever 20. A light 
torsion spring 24 acts on the valve lever 20 to take 

25 up the limited axial movement between lever 20 
and valve stem 12 and ensure that the valve 11 is 
seated when in the closed position. 

A track 25 is provided on the valve lever 20, 
the lever 20 being bifucated with upper and lower 

30 limbs 26 and 27 which define a straight portion of 
the track 25. The upper limb 26 is extended, the 
lower edge of the extended portion defining a cir- 
cular portion 28 of track 25. 

An intermediate lever 30 is mounted on pivot 

35 31, the axis of which coincides with the centre of 
curvature of the circular portion 28 of track 25. 
when the valve 11 is seated. A drive link 35 is 
connected at one end to an intermediate lever 30, 
by means of pivot 36 which is spaced from the 

40 pivot 31, and at the other end to a crank 37 on 
drive shaft 38. A drive pin 39 is provided on the 
intermediate lever 30, so that it engages the track 
25 in valve lever 20. 

The drive shaft 38 is driven from the main 

45 crank shaft of the engine via gearing which will give 
it 2:1 reduction. When the drive shaft 38 is rotated, * 
the motion of the crank 37 is transited by drive link 
35, which causes the intermediate lever 30 to os- 
cillate about pivot 31, and drive pin 39 to move 

so forwards and backwards along track 35. 

Starting from a position illustrated in figure 2A, 
the drive pin 39 will initially move round the circular 
portion 28 of track 25, the drive pin 39 moving 
about the same axis as the centre of curvature of 
the circular portion 28, the valve lever 20 remaining 
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in the position illustrated and the valve 11 remain- 
ing closed. This continues until the drive pin 39 
engages the lower limb 27 defining the straight 
portion of the track 25, as indicated in figure 2B, 
whereafter further movement of the intermediate 
lever 30 will cause downward movement of the 
valve lever 20, thus opening valve 11. This contin- 
ues until the position illustrated in figure 2C where 
the valve will be fully opened. Continued rotation of 
the drive shaft 38 will then cause drive pin 39 to 
engage the straight portion of limb 26 of lever 20, 
thus pivotting valve lever 20 upwardly until at the 
end of the straight portion of limb 28, the valve 1 1 
will be closed as illustrated in figure 20. The drive 
pin 39 will then continue to slide against the cir- 
cular surface of limb 26 the valve remaining shut, 
until it again reaches the position illustrated in 
figure 2B. 

With the valve mechanism described above, 
the valve timing and lift are fixed. This is accept- 
able for operation of the exhaust valves of an 
engine and, as a compromise, for inlet valves. 
However, modern high performance internal com- 
bustion engines have been developed to give maxi- 
mum power and output at high engine speeds. In 
order to achieve this, the valve mechanism Is re- 
quired to give high lift with long duration to encour- 
age gas flow at high speeds. In such high perfor- 
mance engines, the gas flow at low engine speeds 
is very much compromised. Under such conditions, 
incoming air is spiiied back into the manifold due 
to late closing of the inlet valve, producing a cor- 
responding reduction in torque output available at 
low speeds. Also, the exhaust gas is released too 
early, reducing the expansion ratio of the engine 
and hence Its efficiency. Furthermore, the overlap 
period where both inlet and exhaust valves are 
open is too large and allows free flow of air and 
fuel through the exhaust valve, thus causing emis- 
sion problems. 

The lift and timing of the valve mechanism 
described above depends on the portion of the 
track 25 that is engaged by the drive pin 39. This 
may be adjusted by adjusting the position of the 
drive shaft 38, as illustrated in figures 3 and 4. 

As illustrated in figures 3 and 4, the drive shaft 
38 is mounted for rotation in the bearing 50, which 
is in turn mounted eccentrically of a support disc 
51. The support disc 51 is mounted within the 
engine block in suitable bearings, so that it may be 
rotated about its centre 52, and means (not shown) 
is provided for rotation of the disc 51. As the shaft 
38 is mounted eccentrically of disc 51, rotation of 
the disc 51 will alter the separation between the 
shaft 38 and the pivot 31 of intermediate lever 30 
and hence the portion of track 25 which is engaged 
by drive pin 39. 

An internal gear 55 is mounted on the drive 



shaft 38 and this meshes with gear 56 which is 
drivingly connected to the crank shaft of the engine 
in suitable manner. The gear 56 is half the diam- 
eter of the internal gear 55, so as to provide a 2:1 

5 reduction in drive, and is mounted coaxially of the 
disc 51 , so that as the disc 51 is rotated to vary the 
position of shaft 38, the gears 55 and 56 will 
remain in mesh. 

As the disk 51 is rotated to vary the position of 

w the shaft 38, relative movement of gears 55 and 56 
will also cause shaft 38 to rotate and as a result, in 
addition to varying the lift and duration of opening 
of the valve, the above mechanism will also vary 
the position of maximum opening relative to the 

rs position of the crank shaft of the engine. 

The position of the drive arrangement illus- 
trated in figure 3 corresponds to the position of the 
valve mechanism illustrated in figure 1 and as the 
drive shaft 38 is rotated by means of gears 55 and 

20 56, the valve mechanism will operate as described 
above with reference to figures 2A to 2D. In this set 
up, the control angie r that is the angle subtended 
between the line connecting the centre of pivot 31 
and the centre of disc 51 and the line connecting 

25 the centre of disc 51 and the axis of shaft 38 is 
80* . At low engine speeds, disc 51 may be rotated 
so that the control angle is reduced to say 20* , as 
illustrated in figure 4. 

With the control angle at 20* , upon rotation of 

30 shaft 38, the valve mechanism will effect the se- 
quential operation illustrated in figures 5A to 5D. As 
illustrated in the figures 5A to 5D, the angular 
displacement of shaft 38 and hence the crank 
shaft, over which the valve 11 is open, that is 

35 between the positions illustrated in figures 5B to 
5D, is very much reduced, as is the maximum lift 
of the valve 11 as illustrated in figure 5C. 

The means for rotating disc 51 may be con- 
trolled in accordance with, for example engine 

40 speed, to give a progressive increase in the control 
angle as the engine speed increases. As illustrated 
in figure 6, this will produce a progressive increase 
in duration of valve opening when measured in 
degrees of rotation of the drive shaft, and valve lift 

45 and will also produce an advance in the point at 
which the maximum valve opening occurs. Opera- 
tion of the valve mechanism can consequently be 
matched to the engine requirements over a wide 
range of engine speeds. Rotation of the disc 51 

so may alternatively be used to control the^powor 
output of the engine by controlling the inlet valve to 
vary the amount of air or air/fuel mixture which is 
drawn into the engine. The means for rotation of 
disc 51 may consequently be controlled by the 

55 throttle mechanism or some other engine manage- 
ment system. 

In multi-valve arrangements a plurality of 
valves may be driven by a common drive shaft 38, 
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cranks 37 being provided for each valve, in appro- 
priate phase relationship. With a variable valve 
arrangement, the common drive shaft 38 may be 
supported at axially spaced locations by a series of 
support discs, these support discs being intercon- 
nected for adjustment purposes. 

In the embodiment illustrated in Figure 7, the 
drive pin 60 is driven in linear reciprocating manner 
by means of rod 61. The track 25 in valve lever 20 
has a straight portion 62 towards the end of the 
lever 20 which engages the valve 11, this straight 
portion being aligned with the path of drive pin 60 
when the valve 11 is closed; and a curved portion 
63 towards the pivot 21 end of lever 20, which 
• when engaged by the drive pin 60 wiii cause the 
lever 20 to pivot opening the valve 1 1 . 

The rod 60 may be driven in any suitable 
manner which will provide positive drive in both 
directions, for example a crank and connecting rod 
or Scotch yoke mechanism. The mean position of 
oscillation of drive pin 60 may also be varied by 
suitable means, for example by variation of the 
position of the drive shaft in similar manner to that 
described with reference to Figure 1 or variation of 
the length of rod 61. 

The drive mechanism illustrated in Figure 8 
comprises a drive shaft 70 with crank 71. The 
crank 71 is connected to a parallelogram linkage 
73 by means of link 72, one end of the link 72 
engaging the crank 71 and the other end being 
pivotaJly connected to one link 74 of the parallel* 
ogram linkage 73, a large diameter journal 75 ex- 
tending laterally from one end of the link 74 and 
engaging a bearing 76 at the end of link 72. The 
other end of link 74 is pivotaily connected to link 
77 and the other end of link 77 is pivotaily con- 
nected to a movable mount 78. A further link 79 
which is equal in length and parallel to link 77 is 
pivotaJly connected at one end to a fixed mount 80 
and at the other end to link 74 eccentrically of the 
journal 75, by means of a drive pin 81. 

With the drive mechanism described above, as 
the drive shaft 70 rotates, the crank 71 will cause 
drive pin 81 to oscillate over an arcuate path con- 
trolled by link 79. The mean position of oscillation 
of the drive pin 81 may be varied by moving mount 
78, thereby rotating link 74 and the journal 75 so 
that the position of drive pin 81 relative to the axis 
of drive shaft 70 is adjusted. 

The drive pin 81 may engage directly in the 
track 25 of valve lever 20 or may be connected 
thereto by a drive link 35 and intermediate lever 30 
similar to those illustrated in Figure 1 . Alternatively, 
the drive pin 81 may be connected via a connect- 
ing rod to the rod 61 of the valve mechanism 
illustrated in Figure 7. 

Various modifications may be made without 
departing from the invention. For example, it wiil be 



appreciated that while in the embodiment illustrated 
in Figure 1, the drive shaft Is positioned in the 
lower part of the engine, the drive shaft with suit- 
able drive linkage may alternatively be positioned 
5 in the head portion of the engine. 



Claims 

ro 1. A valve mechanism comprising; a valve hav- 
ing a valve stem which is located for axial move- 
ment in a valve guide and a valve head adapted at 
one extreme of movement of the valve to locate 
against and close a valve seat; characterised in that 

75 a valve lever (20) is pivotaily mounted at one end 
(21) and attached adjacent the other end (23) to the 
end (22) of the valve stem (12) remote from the 
valve head (13); said valve lever (20) defining a 
track (25); a drive pin (39; 60) engaging in said 

20 track (25) and drive means (30, 35, 37, 38; 61) to 
drive said drive pin (39; 60) in oscillatory manner; 
said track (25) having a first portion (28, 62) which, 
when the valve (11) is closed, is engaged by the 
drive pin (39; 60) and coincides with the path of the 

25 drive pin (39; 60) and a second portion (26, 27; 63) 
which diverges from the path of the drive pin (39; 
60), so that engagement of the second portion (26, 
27; 63) by the drive pin (39; 60) will cause the 
valve lever (20) to move opening and closing the 

30 valve (11). 

2. A vaive mechanism according to Claim 1 
characterised in that the drive pin (39) oscillates in 
an arcuate path. 

3. A valve mechanism according to Claim 2 
35 characterised in that the drive pin (39) is provided 

on an intermediate lever (30), said intermediate 
lever (30) being pivotaily mounted for rotation 
- about an axis parallel to the axis of rotation of the 
valve lever (20); a drive link (35) is pivotaily con- 

40 nected at one end to the intermediate lever (30) 
and at the other end to a crank (37) on a drive 
shaft (38), so that upon rotation of the drive shaft 
(38) the intermediate lever (30) and drive pin (39) 
thereon will oscillate about its pivot (31); the first 

46 portion (28) of the track (25) on the valve lever (20) 
being arcuate having a radius equal to the separa- 
tion between the pivot (31) of the intermediate lever 
(30) and the drive pin (39) thereon. 

4. A valve mechanism according to Claim 3 
so characterised in that the second portion (26, zf) of 

the track (25) is straight. 

5. A valve mechanism according to Claim 4 
characterised in that the valve lever (20) is bi- 
furcated having parallel limbs (26, 27) which define 

55 therebetween the straight second portion of the 
track (25), the upper limb (26) being extended, the 
lower edge of the extended portion defining the 
circular first portion (28) of the track (25). 
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6. A valve mechanism according to Claim 1 
characterised in that the drive pin (60) Is driven in 
linear reciprocating manner. 

7. A valve mechanism according to Claim 6 
characterised in that the first portion (62) of the 
track (25) is disposed towards the end of the valve 
lever (20) connected to the valve stem (12) and is 
straight while the second portion (63) of the track 
(25) is curved. 

8. A valve mechanism according to Claim 1 
characterised in that means (51 ; 75) is provided for 
varying the mean position of oscillation of the drive 
pin (39; 60). 

9. A valve mechanism according to Claim 8 
characterised in that the drive pin (39) is driven by 
a crank (37) on a drive shaft (38) via an intermedi- 
ate pivotted lever (30), means (51) being provided 
for varying the separation between the axis of the 
drive shaft (38) and the pivotal axis of the inter- 
mediate lever (30). 

10. A valve machanism according to Claim 9 
characterised in that the drive shaft (38) is mounted 
in a bearing (50) formed eccentrically of a support 
disc (51), the disc (51) being rotatabiy supported 
such that upon rotation of the disc (51), separation 
between the axis of the drive shaft (38) and the 
pivotal axis of the intermediate lever (30) will be 
adjusted, means being provided for rotation of the 
support disc (51). 

11. A valve mechanism according to Claim 10 
characterised in that an internal gear (55) mounted 
on the drive shaft (37) meshes with a drive gear 
(56), the axis of rotation of the drive gear (56) 
coinciding with the centre of the support disc (51). 

12. A valve mechanism according to Claim 11 
characterised in that the drive gear (56) is half the 
diameter of the internal gear (55). 

13. A valve mechanism according to Claim 9 
characterised in that means (75) is provided for 
varying the distance between the axis of the drive 
shaft (70) and the drive pin (81). 

14. A valve mechanism according to Claim 13 
characterised in that the drive pin (81) is mounted 
eccentrically on a journal (75) pivotally mounted on 
an intermediate lever (72), means (74, 77, 78) 
being provided for rotation of the journal (75) to 
vary the separation between the axis of the drive 
shaft (70) and drive pin (81). 

15. A valve mechanism according to any one 
of Claims 8 to 14 characterised in that the means 
(51; 75) for varying the mean position of oscillation 
of the drive pin (39; 81) is controlled as a function 
of the engine speed. 

16. A valve mechanism according to any one 
of Claims 8 to 14 characterised in that the means 
(51; 75) for varying the mean position of oscillation 
of the drive pin (39; 81) Is controlled to control the 
power output of the engine. 
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17. A valve mechanism according to any one 
of the preceding claims characterised In that the 
valve stem (12) is attached to the valve lever (20) 
in a manner which will permit limited pivotal and 
axial movement therebetween. 

18. A valve mechanism according to Claim 17 
characterised in that a ball (22) on the end of the 
valve stem (12) engages in a cylindrical hole (23) 
in the end of the valve lever (20). 

19. A valve mechanism according to Claim 17 
or 18 characterised In that resilient means (24) acts 
on the valve lever (20) in order to ensure that the 
valve (11) is seated when in its closed position. 

20. A multi-valve assembly comprising a plural- 
ity of valve mechanisms as claimed in any one of 
Claims 1 to 19, characterised in that the valve 
mechanisms have a common drive shaft (38; 70), 
each mechanism being driven by a crank (37; 71) 
on the drive shaft (38; 70), the cranks (37; 71) 
being arranged in appropriate phase relationship. 

21. A multi-vaJve assembly according to Claim 
20 characterised in that the common drive shaft 
(38) is supported eccentrically at axialty spaced 
locations by a plurality of support discs (51), the 
support discs (51) being interconnected for adjust- 
ment purposes. 
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